The relationship between distributional boundaries and temperature responses of some Northeast American and West European endemic and amphiatlantic rhodophytes was experimentally determined under varying regimes of temperature, light, and daylength. Potentially critical temperatures, derived from open ocean surface summer and winter isotherms, were inferred from distributional data for each of these algae. On the basis of the distributional data the algae fall within the limits of three phytogeographic groups: (1) the Northeast American tropical-to-temperate group; (2) the warm-temperate Mediterranean Atlantic group; and (3) the amphiatlantic tropical-to-warm temperate group. Experimental evidence suggests that the species belonging to the northeast American tropical-to-temperate group (Grinnellia americana, Lomentaria baHeyana, and Agardhiella subulata} have their northern boundaries determined by a minimum summer temperature high enough for sufficient growth and/or reproduction. The possible restriction of 2 species (G. americana and L. baileyana) to the tropical margins may be caused by summer lethal temperatures (between 30 and 35 °C) or because the gradual disintegration of the upright thalli at high temperatures (> 30 °C) promotes an ephemeral existence of these algae towards their southern boundaries. Each of the species have a rapid growth and reproductive potential between 15-30 °C with a broad optimum between 20-30 °C. The lower limit of survival of each species was at least 0 °C (tested in short days only). Growth and reproduction data imply that the restrictive distribution of these algae to the Americas may be due to the fact that for adequate growth and/or reproduction water temperatures must exceed 20 °C. At temperatures _--< 15 °C reproduction and growth are timited, and the amphiatlantic distribution through Iceland would not be permitted. On the basis of experimental evidence, the species belonging to the warm-temperate Mediterranean Atlantic group (Halurus equisetifolius}, Callophyllis laciniata, and Hypoglossum woodwardii}, have their northern boundaries determined by winter lethal temperatures. Growth of H. equisetifolius proceeded from 10-25 °C, that of C. laciniata and H. woodwardii from 5-25 °C, in each case with a narrow range for optimal growth at ca. 15 °C. Tetrasporelings of H. woodwardii showed limited survival at 0 °C for up to 4 d. For all members of the group tetrasporangia occurred from 10-20 °C.
INTRODUCTION
The geographic distributions of benthic marine algae have been most often correlated with temperature regimes of the surface waters (Setchell, 1915 (Setchell, , 1920 van den Hoek, 1975 van den Hoek, , 1982a . Edwards and Kapraun have demonstrated through combination of phenologicial observations (Edwards & Kapraun, 1973; Kapraun & Zechman, 1982) and responses to environmental parameters in laboratory culture (Edwards, 1969 (Edwards, , 1970 (Edwards, , 1979 Yarish & Edwards, 1982; Kapraun, 1977a Kapraun, , b, 1978 Kapraun, , 1979 ) that conclusions can be drawn about biogeographic affinities of certain taxa, and possibly of an entire flora (Kapraun, 1980) . Therefore, the best evidence for illustrating biogeographic relationships is the design of hypotheses which can be experimentally tested.
Van den Hoek (1982b) has pointed out that in many species where life history studies have been reported, lethal temperatures are rarely investigated. Several studies which have reported on the survival limits of benthic marine algae have failed to use any consistent exposure time, i.e. Biebl (1958 Biebl ( , 1962 used 12 h, Lfining (1984) McLachlan & Bird (1984) and Cambridge et al. (1984) , respectively. These longer periods of exposure for temperature tolerance experiments may give clearer estimations of a mature plant's survival potential during long adverse periods. Even the question of the differences in the temperature tolerance of juvenile plants, or the appropriate combinations of factors for reproduction of the mature plants, has not been adequately addressed for phytogeographic boundaries (Dring, 1982) .
The present study was designed to answer several phytogeographic questions. Do species with isomorphic alternation of generations have similar temperature responses in each phase? Do juvenile plants have similar temperature tolerances to mature ones? Is it possible by knowing winter and summer mean surface water isotherms coinciding with geographic boundaries to infer the limiting temperature for growth and/or survival of a species? Finally, do benthic marine red algae in van den Hoek's phytogeographic groupings (1982a, b) have similar growth or survival strategies?
Phytogeographic hypotheses of temperature boundaries for benthic marine red algae based on ocean isotherms
On the basis of distribution data the investigated algae fall within the limits of the following phytogeographic groups (van den Hoek, 1982a, b) :
The Northeast American tropical-to-temperate group (Grinnellia americana, Lomentaria baileyana, Agardhiella subulata); the amphiatlantic tropical-to-warm temperate group (Solieria tenera) and the warm temperate Mediterranean Atlantic group (Halurus equisetifolius, Callophyllis laciniata, Hypoglossum woodwardii) . For each species hypotheses will be presented as to the ocean isotherms at the northern (poleward) and southern (equatorward) boundaries (or at the equator) which might delimit the geographic distribution.
The Northeast American tropical-to-temperate group

Grinnellia americana
On the basis of distribution data ( Fig. 1) one would expect the northern boundary to be either a growth and/or reproduction one at the 17 °C August (summer) isotherm, or a lethal one at the 0 °C February (winter) isotherm. The former corresponds with a minimum temperature of at least 15 °C needed for growth and reproduction in summer (van den Hoek, 1982a, b) . The latter corresponds with a minimum temperature of -1.8 °C (minimum temperature of unfrozen seawater) for survival in winter (van den Hoek, 1982a, b) . The southern boundary may be either on the 26 °C August (summer) isotherm (which corresponds to a southern lethal boundary temperature of at least 29 °C according to van den Hoek (1982a, b) , or on the 25 °C February (winter) isotherm (which corresponds to a southern growth and/or reproduction boundary of at most 27 °C). If the temperature ranges for growth and survival from ocean isotherms for winter and summer at northern and southern boundaries, respectively, with experimentally determined limits. Experimental points at 5 °C intervals as indicated on temperature axis. The symbols in bar diagrams are defined as: (--) survival in the interval; (---) death occurs in the interval; (') lethal temperature reached; (~) good growth in the interval, and (O) reproduction. Ocean isotherms derived from Sverdrup et al. (1942) . Distribution data on (3. americana from the following sources: Brauner (1975) , Chapman (1971) , Coleman & Mathieson (1974) , Dawes (1974) , Earle (1968) , Humm (1979) , Orris & Taylor (1973) , Rhodes (1970) , Schneider et al. (1979) , Searles & Schneider (1978) , Sears & Wilce (1975) , Taylor (1957 Taylor ( , 1960 , Yarish & Edwards (unpubl. obs.) two records from the north coast of Venezuela are excluded, the distribution data suggest that the species either cannot survive temperatures higher than 30 °C (which are surpassed in lagoons where the species grows) or needs lowered temperatures (e.g. < 22 °C, corresponding with the 20 °C February isotherm) once a year to complete its life history.
Lomentaria baileyana
On the basis of distribution data (Fig. 2) one would expect the northern boundary to be either a 15 °C August isotherm (corresponding with a minimum temperature of 13 °C for growth and reproduction) or a --1 °C February isotherm (corresponding with a Brauner (1975) , Chapman (1971) , Coleman & Mathieson (1974) , Dawes (1974}, ]Earle (1968 , Edelstein et al. (1967}, ]Edwards & Kapraun (1973 , Humm (1964 Humm ( , 1979 , Kapraun & Zechman (1982) , Mathieson (1979) , Mathieson & Dawes (1975) , Orris & Taylor (1973) , Schneider et al. (1979) , Searles & Schneider (1978) , Sears & Wilce (1975) , Seoane-Camba (1960) , Taylor (1957 Taylor ( , 1960 minimum winter lethal temperature of --1.8 °C). The southern boundary may be either on the 27 °C August isotherm (which corresponds to a southern lethal boundary temperature of at least 30 °C) or the 26 °C February isotherm (which corresponds to a southern growth and reproduction boundary of at most 28 °C). If the record from Barbados is excluded, the distribution data suggest that the species cannot survive temperatures higher than 30 °C (which are surpassed in lagoons where the species grows), or needs lowered temperatures (e.g. 22 ec, corresponding with the 20 °C February isotherm) once a year to complete its life 'history.
Agardhiella subulata
The distribution data (Fig. 3) along the East American coast suggest the northern boundary to be either a growth and/or reproduction one at the 15 °C August isotherm (corresponding with a minimum summer temperature of 13 °C for growth and reproduc- Fig. 3 . The distribution of Agardhiella subulata. Map shows the geographic distribution and gives the ocean isotherms at the northern and southern boundaries. Note hypothetically derived and experimentally determined temperature ranges for growth, reproduction and survival. For rest of legend see Fig. 1 . Distribution data on A. subulata from the following sources: Coleman & Mathieson (1974) , Edwards & Kapraun (1973) , Gabrielson & Hommersand (1982a) , Humm (1979) , Mathieson & Fuller (1969) , Rhodes (1970) , Schneider et al. (1979) , Searles & Schneider (1978) , Sears & Wilce (1975) , South & Cardinal (1970 ), Taylor {1957, 1960 , Zaneveld (1972) tion) or a -1 °C February isotherm (correspondingwith a minimum lethal temperature of -1.8 °C). The ability of A. subulata to penetrate into the tropics indicates it will grow and reproduce at temperatures as high as 28 °C and survive at temperatures in excess of 31 °C.
The amphiatlantic tropical-to-temperate group
Holieria tenera
The distribution data (Fig. 4) suggest the northern boundary to be either the 10 °C February isotherm (corresponding with a minimum lethal temperature of 8 °C) or the 15 °C August isotherm in Europe corresponding with minimum summer temperatures of 13 °C for growth and/or reproduction). The ability of S. tenera to penetrate the tropics indicates it will grow and reproduce at temperatures as high as 28 °C and survive at temperatures in excess of 31 °C. Pig. 4. The distribution of Solieria tenera. Map shows the geographic distribution and gives the ocean isotherms at the northern and southern boundaries. Note hypothetically derived and experimentally determined temperature ranges for growth and survival. For rest of legend see Fig. 1 . Distribution data on S. tenera from the following sources: Bodard & Mollion (1974) , CordeiroMarino (1978) , Dawes (1974) , Edwards & Kapraun (1973 ), Farnham (1980 ), Feldmann (1951 , Gabrielson & Hommersand (1982b) , Hamm & Humm (1976) , Juett et al. (1976) , Lawson & John (1977 ), Oliveira Filho (1977 , Searles & Schneider (1978) The warm temperate Mediterranean Atlantic group
Halurus equisetifolius
The distribution data (Pig. 5) suggest that the northern boundary is a lethal one at the 7 °C February isotherm (which corresponds with a 6 °C minimum water temperature). If it were at 13 °C August isotherm (a growth and/or reproduction limit) then H. equisetifolius would be expected in the North Sea south to the 13 °C August isotherm. In Ardr~ (1970 Ardr~ ( , 1971 , Dangeexd (1949) , Donze (1968 ), Feldmann (1954 , Gayral (1958) , Giaccone & Longo (1976) , Guiry (1978) , den Hartog (1959) , van den Hoek (1982a) , van den Hoek & Donze (1966 , 1967 , Lawson & John (1977) , Meunier (1965) , Newton (1931) , Norton (1970) , Norton & Powel] (1979) , Parke & Dixon (1976) , Perez-Cirera (1975a) , Prud'homme van Reine (unpubl. obs.), Rijksherbarium, Leiden; Russell (1968) , Seoane-Camba (1965) that case it could also be expected in Northeast America. The southern boundary is either a 16 °C February isotherm (corresponding with a maximum temperature of 18 °C permitting growth and/or reproduction) or a 22 °C August isotherm {corresponding) with a 25 °C summer lethal temperature}. If the latter case is the real boundary, one would expect H. equisetifollus on the Canaries, Madeira and the Azores. In the Mediterranean, it is restricted to 0-2 m or greater depths in the Straits of Messina, indicating a boundary of summer lethal temperatures at 25 °C.
Callophyllis laciniata
The distribution data (Fig. 6 ) suggest that the northern boundary is a lethal one at the 4 °C February isotherm (which corresponds with a 3 °C minimum winter temperature). At its northern boundary in Bohuslfin, southwest Sweden, it grows at depths of 15-20 m. The surface water may cool here to temperatures lower than 2 °C. If it were a 11 °C August isotherm (a growth and/or reproduction limit) then C. laciniata would be the ocean isotherms at the northern and southern boundaries. Note hypothetically derived and experimentally determined temperature ranges for growth, reproduction and stfrvival. For rest of legend see Fig. 1 . Distribution data on C. laciniata from the following sources: Ardr~ (1970 Ardr~ ( , 1971 , Cinelli et al. (1979) , Conde (1984) , Cormaci 8, Furnari (1979) , Cullinane & Whelan (1983) , Dangeard (1949) , Donze (1968) , Egan (1983 ), Feldmann (1943 , 1954 , Gayral (1958) , Giaccone (1978) , Giaccone & Longo (1976) , Guiry (1978) , van den Hoek (1982a) , van den Hoek & Donze (1966 , 1967 , Irvine, D. (1982) , Irvine, L. (1983) , Kain (1982) , Levring (1974}, Maggs et al. (1983 , Norton (1976) , Norton & Powell (1979) , Parke & Dixon, (1976 ), Perez-Cirera (1975a , 1975b , Rueness (1977) , Russell (1961 Russell ( -1962 , Russell (1968) , Tittley et at. (1976) expected on the Danish coasts and on Helgoland, where summer temperatures arise above 11 °C. In that case it would also be expected in Northeast America. The southern boundary is either a 15 °C February isotherm {corresponding with a maximum temperature of 17 °C permitting growth and/or reproduction} or a 21 °C August isotherm {corres-ponding with a 24 °C summer lethal temperature}. This lethal temperature seems to restrict Callophy111s to a few areas in the Mediterranean, where it grows at greater depths {15--60 m).
Hypoglossum woodward11
The distribution data ( Fig. 7) suggest that the northem boundary is a lethal one at the 6 °C February isotherm {which corresponds to a 5 °C minimum winter temperature}. If it were a 12 °C August growth and reproduction limit, one would expect it throughout the North Sea south to the 12 °C August isotherm and possibly in Northeast America. The Bodard & Mollion (1974) , Boudouresque & Perret (1977) , Cinelli et al. (1979) , Conde (1984) , Cormaci & Purnari (1979) , Cullinane & Whelan (1983) , Donze (1968) , Edelstein (1964) , Edwards (1975) , Edwards et al, (1975) , Egan (1983 ), Feldmann (1931 , 1937 , 1939 , 1941 , 1942 , 1943 , 1954 , Gayral (1958) , Gerloff & Geissler (1974) , Giaccone (1969 Giaccone ( , 1972 Giaccone ( , 1978 , Giaccone & Longo (1976) , Gil-Rodriguez & Afonso-Carrillo (1980) , Guiry (1978) , den Hartog (1959) , van den Hoek (1982a) , van den Hoek & Donze (1966 , 1967 , Kain (1960) , Lawson & John (1977) , Levring (1974) , Maggs et al. (1983) , Mefiez & Mathieson (1981) , Meunier (1956) , Navarro & Uriarte (1945) , Nizamuddin et aL (1979) , Norton (1976) , Norton & Powell (1979) , Parke & Dixon (1976) , Perez-Cirera (1975a), Russell (1968) , Schmidt (1931) , Seoane-Camba (1960 , 1965 , Tittley et al. (1976) , Zinova (1967) southem boundary is either a 19 °C February isotherm (corresponding with a maximum temperature of 21 °C permitting growth and/or reproduction) or a 27 °C August isotherm (corresponding with a 30 °C summer lethal temperature).
MATERIAL AND METHODS
Carpospores of each of six red algal species (S. tenera excluded) were isolated into unialgal culture. Several isolates (~ 15) of each species were established, however, culture experiments employed only one representative isolate. A vegetatively isolated strain of S. tenera was obtained from the University of Texas, Culture Collection (Austin, 
Halurus equisetifolius
H-2 (Lightfoot) Ktitz.
Callophyllis taciniata
Ca-2 (Hudson) Ktitz.
Hypoglossurn woodwardii
Hyp Table 1 . Unialgal cultures were maintained in an enriched seawater medium at 33 Too (Provasoli, 1968) . The material used in all experiments with the exception of S. tenera originated from tetrasporophytic plants that had been grown from isolated carpospores in culture. G. americana, L. baileyana, A. subulata and S. tenera were propagated by fragmentation and maintained in stock-cutlures at 20 °C 'long day' conditions (16:8, L:D), 'photon flux density' ca 20 ~E m -2 s -I (---ca 1000 Ix). C. laciniata, H. equisetifolius and H. woodwardii were also propagated by fragmentation and maintained in stock-cultures at 15 °C 'long day' conditions, photon flux density ca 20 ~E m -2 s -1.
A series of controlled environment incubators (Fridina) were employed (each had a __+ 1 °C temperature variation). Up to 41 combinations of light intensity, temperature and daylength were available for experimentation (see for instance Fig. 9 ). The algae were cultured in 300 ml erlenmeyer flasks containing 250 ml of the enriched seawater medium. The culture medium was renewed at least every other week (or sooner) to minimize changes in salinity, pH, or depletion of nutrients.
In the first series of experiments, the growth and reproductive responses of the gametophytic and/or tetrasporophytic phases of each of the algae were studied (Table 2) . About fifty carpospores or tetraspores of each alga were used as the inoculum, after some growth had taken place, the 6 or 7 largest plants in each dish were retained to continue the experiment. The inocula for cloned cultures consisted of 10 apical cuttings, 5 mm in length and, after some growth and cell repair had taken place, the 6 or 7 largest plants in 
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HMurus equisetifolius
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Callophyllis laciniata
Hypoglossum woodwardii +
+ from tetraspores + + from apical cuttings of cloned culture + + + from carpospores directly isolated from field + + + + from non-reproductive cloned culture n.t. not tested ++ ++ ++ n.t. +++ +++ +++ each flask were retained to continue the experiments. Growth of the algae was recorded photographically after 6-8 weeks. All algae had an incubation time of at least four months to maximize the possibility to observe reproduction.
Long term survival was decided if the plant material could survive the extreme temperature for at least six weeks. The effects of thermal shock were tested by preincubating the experimental material for at least four days at the lowest or highest nonlethal temperatures before subjecting it again to the initially lethal extreme temperatures. Plants which did not grow or appeared dead were re-incubated at optimal temperatures (15 or 20 °C) for at least four weeks to test their viability.
A second series of experiments was designed to quantify the growth of 4 day-old tetrasporelings of G, americana, L. baileyana and H. woodwardii in the controlled environment incubators. Coverslips were placed on the bottom of culture vessels prior to the inoculation of the spores to facilitate the subsequent microscopic examination of the sporelings (Edwards, 1979) . Growth responses of each alga were determined from the mean cell number (G. americana and H. woodwardil) Species distribution maps were compiled from all sources listed in van den Hoek (1982a) as well as from those listed in Figs i-7. Open ocean isotherms were derived from Sverdrup et al. (1942) .
Regular monthly collections and phenological observations were made over an extended period of seven years only for the three Northeast American species, G. 
RESULTS
The results are presented under 3 categories, namely: seasonal distribution and field observations, life history studies, and experiments with environmental factors.
Seasonal distribution and field observations
The seasonal occurrence of the species in the Northeast American tropical-totemperate group (G. americana, L. baileyana, and A. subulata) in Connecticut, U.S.A. is summarized in Table 3 . Average weekly surface water temperatures ( Field studies revealed that (7,. americana began growth in late May -early June, (Sverdrup et al., 1942}. Legends: ---1979 reached maximal growth in the upper sublittoral zone in late August and even persisted in the study area through January as minute plants. Specimens were infrequently collected in winter and were only a few centimeters in length. Tetrasporophytic phases were collected in September through November. Vegetative material brought back into the laboratory in January, eventually produced tetrasporangia. Female and/or carposporophytic material were collected in May, August and October -early December. Antheridial plants were only found on one occasion in early October.
L. baileyana began growth in late July and persisted in the region in abundance until September. Plants were collected occasionally in October and November and those found in the winter had an extremely well developed discoid basal system with an upright axis < 2 cm. Tetrasporophytic plants dominated collections and were usually found in late July-August. In some years tetrasporophytic material was collected in September and on one occasion in January. Carposporophytic material was found in late July and unfertilised gonimoblasts were found in November and January. Antheridial plants were never found during the study period.
A. subulata could be collected throughout most of the year (Table 3) , if established populations were sampled. Plants in the winter and late summer were usually < 2 cm in length with an extremely well developed basal system. Growth began in late May and continued into October. Tetrasporophytic and carposporophytic phases were found throughout the growing season. Antheridial plants were usually collected in August-October.
The phenology of S. tenera, the sole representative of the amphiatlantic tropical-towarm temperate group with a northeastern extension, has been adopted from Edwards & Kapraun (1973; as A. tenera) and is given in Table 4 . The data in Table 4 are based upon Peldmann (1954) and our own scattered floristic notes of the past three years. There are no extended series of phenological observations available from the study site. The annual temperature variation between the mean February and the mean August temperature over a 10 year period was 8-15.6 °C (Le laboratoire de I'I.S.T.P.M. de Roscoff, 1976} . Each Of the taxa was perennial at Roscoff. Collection data indicate that the tetrasporophytic and carposporophytic phases of H. equisetilollus occur in the fall. The tetrasporophytic phase of C. laciniata was found in the summer through the fall, whereas the carposporophytic phase was found in winter, spring and fall. The tetrasporophytic and carposporophytic phases of H. woodward11 occurred throughout the year in the study area.
Life history studies
The members of the northeast American tropical-to-temperate group fG. americana, L. baileyana and A. subulata) demonstrated a modified isomorphic alternation of generations. The tetrasporophytic phase of G. americana successfully produced the gametophytic phase. The only modification of this was that all tetrasporophytic isolates produced stalked cystocarpic structures at temperatures < 20 °C. The tetrasporophytic phase of L. baileyana produced tetraspores, all of which grew into non-reproductive vegetative plants under all experimental conditions. The putative gametophytes fragmented at 20-30 °C, 40 ~E m -2 s -I, 16:8 L:D, thereby indicating a potential means of asexual reproduction. Only A. subulata successfully demonstrated an isomorphic alternation of generations.
The only member of the amphiatlantic tropical-to-warm temperate group investigated was an isolate of S. tenera. It remained vegetative throughout the study. This isolate had originally been derived from a non-reproductive plant by cuttings of the apical tip (B. Bacu, pers. comm.).
The members of the warm temperate Mediterranean Atlantic group include: H. equisetifolius, C. laciniata and H. woodwardii. Each of the tetrasporophytic phases derived from carposporelings became reproductive and their life histories are still under investigation.
Experiments with environmental factors
The Northeast Amerlcan tropical-to-temperate group Grinnellia americana
Growth and/or survival of the tetrasporophytic and gametophytic phases of G. americana proceeded over a broad range of light intensities and temperatures from 10 to 40 ~tE m -2 s -1 and 0-30 °C ( The growth of carposporelings of G. americana was maximal at 40 ~E m -2 s -1 and at 25 °C. However, the sporelings grew over a wide range of light, temperature and daylength regimes (Fig. 10) 
t.) no tested
Lomentaria baileyana
Growth and/or survival of the tetrasporophytic and gametophytic phases of L. baileyana proceeded over a broad range of light intensities and temperatures from 10-40 ~tE m -2 s -1 and 0-30 °C (Fig. 11) . Good growth occurred between 15-30 °C. The tetrasporophytic and gametophytic phases each survived 35 °C less than 12 days. The tetrasporophytic phase survived longer at 5 °, 16:8, L:D, and at all light intensities tested as compared to the gametophytic phase. At 30 °, 8:16, L:D, the gametophytic phase had a higher survival potential at 10 and 20 ~tE m -2 s -1 than the tetrasporophytic phase. Plants of each phase continued to survive 0 ° for periods of up to 60 d. At higher temperatures maturation was faster and was followed by the disintegration of the upright thallus. At temperatures _--< 15 °C there was development of a discoid basal system. The tetrasporophytic phase displayed a greater growth yield than the gametophyte. LOMENTARIA BAIL~A -In Fig. 11 . The growth response of the gametophytic (after 46d) and the tetrasporophytic phases (after 40d) of L. baileyana to varying light, temperature and photoperiodic regimes, Experiment was continued for 120d. Symbols as in Fig. 9 . Note, the ~ for the gametophytic phase only refers to fragmentation as the sole means for reproduction. Scale: 2n-plants: 1 mm = 6 ram; In-plants:
Spermatangia and carpogonia failed to occur under all the experimental regimes. Plants remained vegetative throughout the study period. Temperature shock and nutrient depletion of the culture media did not stimulate any reproductive structures. At 40 wE m -2 s -1 and at 20-30 °C (for 16:8, L:D grown plants) plants fragmented (Fig. 11) . This indicates that vegetative fragmentation of the gametophytic phase may be an important means of asexual reproduction. The tetrasporophytic phase produced tetrasporangia in 10-40 wE m -2 s -1 and at 20-30 °C (Fig. 4) The growth of tetrasporelings of L. baileyana was maximal at 40 wE m -2 s -1 and at 25 °C. However, the sporelings grew over a wide range of light, temperature and daylength regimes (Fig. 12) . As temperature increased, the growth of the tetrasporelings 
Agardhiella subulata
Growth and/or survival of the tetrasporophytic phase of A. subulata proceeded over a broad range of light intensities and temperatures from 10--40wE m -2 s -1 and 0-30 °C (Fig. 13) . 
Callophyllis laciniata
Growth and/or survival of the tetrasporophytic phase of C. laciniata proceeded over a temperature range of 5-25 °C (Fig. 16) 
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Pig. 16. The growth response of the tetrasporophytic phase of C. laciniata to varying light, temperature and photoperiodic regimes after 11Yd. Experiment was continued for 136d. Symbols as in Pig. 9. Scale: i mm --4,2 mm
Hypoglossum woodwardii
Growth and/or survival of the tetrasporophytic phase of H. woodwardii proceeded over a range of 5-25 °C (Fig. 17) . Good growth occurred between 10-20 °C. The tetrasporophytic phase failed to survive temperatures of 30 °C for any appreciable length of time ( The tetrasporophytic phase produced tetrasporangia at 10-20 °C (Fig. 17) . At 5 °C, tetrasporangia were finally formed after 92 d. In contrast, plants growing at 15-20 °C produced tetrasporangia after only 41 d. Plants at 5 °C failed to release their tetraspores even after 122 d.
The growth of tetrasporelings of H. woodwardii was maximal at 20 °C and at 40 ~tE m -2 s -1. However, the sporelings grew over a range of light, temperature and daylength regimes (Fig. 18) . Sporelings survived temperatures as low as 0 °C and were dead at 30 °C. The inhibitory effects at 40 ~E m -2 s -1 and at the high temperature of 25 °C was more pronounced for long day plants than for short day plants to produce an unexpected interaction.
DISCUSSION
On the basis of experimental data (Fig. 19, Table 5 ) and field observations (Figs 1-3 ) the northern boundary of the investigated species of the Northeast American tropical-totemperate group is a summer growth and/or reproduction one. The northern boundary of G. americana is at the 17 ° August isotherm and that of L. bafleyana and A. subulata is at the 15 ° August isotherm. The latter species, L. baHeyana and A. subulata extend to the southern Gulf of St. Lawrence and, at least north of Cape Cod, they are restricted to protected shallow embayments which warm up in summer to high temperatures, thereby promoting growth and reproduction. As reported by McLachlan & Bird (1984) for Gracilaria tikvahiae, the period with high temperatures is only long enough to attain reproductive maturity once, suggesting that at least two years are required to complete the life histories in nature. Perhaps the maintenance of L. baileyana and A. subulata at their northern limit is also by vegetative propagation as in G. tikvahiae (Bird et al., 1977) . It takes at least three months at 15 °C for A. subulata tetrasporophytes to reach maturity. For L. baileyana, temperatures must be at least 20 °C to produce fertile tetrasporophytes.
Plants growing up to 4 months failed to become fertile at 15 °C. At temperatures ----< 15 °C both algae produce extensive discoid basal systems. Each of the members of the group survived temperatures as low as 0 °C. Evidence of chilling damage (Latchet, 1981) under long day conditions was observed at 5 °C and 40 ~E m -2 s -1. Similar results have been reported by Cambridge et al. (1984) for Cladophora species. The data imply that the restrictive distribution of all of these algae to Northwest America and the Caribbean Sea may be due to the fact that for adequate growth and/or reproduction, water temperatures must exceed the aforementioned critical values. At temperatures _--< 15 °C reproduction and growth is limited, and the amphiatlantic distribution through Iceland would not be permitted.
The ability of G. americana, L. baHeyana and A. subulata to grow and reproduce at temperatures of 25-30 °C permits them to inhabit tropical waters. In this respect these algae show a similar growth strategy to (3. tikvahiae (van den Hoek, 1982 b, McLachlan & Bird, 1984 . The lack of published reports on (3. americana and L. baileyana in the Caribbean may be more a function of the size class of these plants. In this study, at higher temperatures, maturation was very rapid at 30 °C (40 wE (Sverdrup et al., 1942) . It is expected, with more intensive investigations of deep tropical waters, that these algae will be found. As McLachlan & Bird (1984) suggested, the outflows of the Orinoco and Amazonas rivers may constitute a major ecological barrier for algal species along the South American coast. Of the Northeast American tropical-to-temperate group, only A. subulata has successfully hurdled these barriers (Gabrielson & Hommersand, 1982 a) . However, the absence along West African coasts cannot be ascribed to these coasts' ecological unfitness for these species, so here other historical reasons may explain their absence.
Both G. americana and L. baileyana showed no overall difference in temperature tolerance between the gametophyte and tetrasporophyte generations. This is consistent with the observations of van den Hoek (1982 b) for benthic marine algae with isomorphic generations. McLachlan & Bird (1984) presented similar observations for Gracilaria species. In contrast, sporelings showed a reduced tolerance to high temperatures (35 °C).
On the basis of experimental data ( Fig. 19 ; Table 5} and field observations the northern boundary of S. tenera, a member of the amphiatlantic-tropical-to-warm temperate group, should be set by a 15 °C August, summer growth and/or reproduction isotherm at least in Europe. Contrary to expectations, the 10 °C February isotherm which delimits the species distribution to the north both in Europe and America, does not correspond with a lower lethal temperature. We may only speculate what is the controlling factor in Northeast America, South America and Africa, since the Port Isabel, Texas isolate was able to tolerate temperatures down to 0 °C. This isolate only survived 0 °C when gradually acclimated (at least 14 d) at 10 ° and 5 °C, respectively. The range of thermal tolerance was extended by 5 °C (to 0 °C). The northernmost point of distribution in North Carolina is an offshore deepwater station bathed by comparatively warm southern water in winter with temperatures hardly lower than 10 °C. More to the north, hard substrates are bathed, at least intermittently, by water that is too cold (~ 5°). The sudden thermal shock (after exposure to freezing) may prohibit rapid formation of any anti-freeze substance (Lfining, 1985) , if it were to occur in the eulittoral zone in North Carolina and northwards. The limited southern distribution along the warm water African coast and South American coasts may be functions of poorly known floras. The wide gaps in S. tenera's occurrence in Northwest Africa and Europe may be attributed to recent introductions to these regions or possibly, taxonomic confusion with a closely related species, S. chordalis (Gabrielson & Hommersand, 1982 b) . According to distribution data from Port Isabel and Port A.ransas, Texas, U. S. A., (Baca et al., 1979; Edwards & Kapraun, 1973) and the observations of this study of very slow growth, we may characterize S. tenera as a slow growing perennial tropical-to-warm temperate species. Stewart (1984) also reported intrinsically slow growth rates may be characteristic of other tropical perennial red algal genera such as Gelidium and Pterocladia. The Port Isabel isolate was also more tolerant of a high temperature of 35 °C, more so than any member of either the Northeastern American or warm-temperate Mediterrean groups. The only other reported member of this group, Hypnea musciforrnis (van den Hoek, 1982 b), appears to have a similar temperature tolerance. Dawes et al. (1976) have presented evidence that positive net photosynthetic responses of H. musciformis are attained between 4-40°C, with maxima at 25-32°C. Biebl (1962) reported that eulittoral marine algae in tropical waters had a temperature tolerance of -2 to 35(40) °C with an exposure time of only 12 h. However, such short time exposures may give a wider tolerance than an exposure time of up to 6 weeks, as was used in this study which simulates conditions in nature more realistically.
The inability of this study to stimulate the development of any reproductive structures under all the combinations of light, temperature and photoperiod, and Farn.ham's {1980} lack of success in growing tetraspore germlings in culture, suggest that vegetative propagation may be an important mode of reproduction in S. tenera. Similar observations have been reported for Polysiphonia subtilissima (Yarish & Edwards, 1982}. On the basis of experimental data {Fig. 19, Table 5 ) and field observations (Figs 5-7} the northern boundary of the investigated species of the warm-temperate Mediterranean Atlantic Group is a winter lethal one. The northern boundary of H. equisetifoliusis at the 7 ° isotherm, that of C. laciniata is at the 4 ° February isotherm and that of H. woodward11 is at the 6 ° February isotherm.
One note of caution must be made. The preliminary experimental data with tetrasporelings i.e. survival at 0 °C of H. woodward11 does suggest the possibility of a broader geographical distribution than what has been recorded. If additional continuous records can be found for H. woodward11 in the North Sea, south of the 12 ° August isotherm, then its boundary may be a summer growth and reproduction limit. There is a report of this alga in the Black Sea by Zinova (1967} thereby indicating survival to 0 °C, however, the ability of this population to survive 0 °C may be enhanced by the low saline environment of the Black Sea. Edwards {1979} also showed a positive temperature/salinity interaction for Ca111thamnion hooker1 {see Druehl, 1981 for a further discussion of salinity/temperature interactions}.
The southern boundary of H. equisetifollus should be set by a 22 ° August summer lethal temperature. Its reported absence from the Canaries, Madeira and the Azores could not be explained; however, recent communications with Prud'homme van Reine (Rijksherbarium, Leiden, The Netherlands} indicate its presence on the Canaries, thereby indicating a wider distribution than the published literature suggests. The absence from Madeira and the Azores may only indicate lack of intensive collection data. The southern boundary of C. laciniata may be set by a 21 °C August summer lethal temperature. The southern boundary of H. woodward11 may be set by a 19°C February maximum winter temperature for growth and/or reproduction. The inability of the Roscoff isolates tested to withstand temperatures > 25 °C suggests there may be a different temperature race at the southern boundary, where temperatures are ~ 27 °C in summer {i.e. in the eastern Mediterranean}. However, the rare occurrence of H. woodward11 (1 collection of a plant 1.5 cm in length at a depth of 27 m on a rocky bottom, Edelstein, 1964} may preclude this possibility. Another report of its presence in the Black Sea (Zinova, 1967} is also enigmatic, since temperatures there vary from 0 to 29 °C. The possibility exists here too, that there may be a different temperature race in the Black Sea, especially since the marine populations are considered glacial relics (Liining, 1985}. In summary, the use of mean surface sea water isotherms may be an invaluable tool to generate interesting and testable hypotheses in unravelling the nature of geographical boundaries of benthic red algae. The geographical distributions of the Northeast American tropical-to-temperate group (i. e. G. americana, L. baHeyana and A. subulata} correlate with August summer growth and reproduction isotherms at their northern limits of occurrence. On the other hand, the warm-temperate Mediterranean Atlantic group {i.e.H. equisetifolius, C. laciniata and H. woodwardh) is characterized by having its northern boundaries at the February winter lethal isotherm. In all cases tested, the Northeast American group survived temperatures as low as 0 °C whereas the warmtemperate Mediterranean group did not. The Northeast American group was also more tolerant to high temperatures { = 30 °C) than the warm-temperate Mediterranean group. The former are able to penetrate the tropics whereas the latter can not, The southern boundaries of the warm-temperate Mediterranean group are heterogenous. H.
equisetifolius and C. laciniata are limited by an August summer lethal isotherm, whereas H. woodwardii is limited by a February winter ~Trowth and reproduction limit.
The boundary limits of the sole representative of the amphiatlantic tropical to temperate group {i.e.S. tenera) are very complex. The populations in Europe are limited by an August summer growth and reproduction isotherm. The boundary limits of the Northeast American, South American und African populations are speculative. In this case, the use of mean surface water isotherm may be limited until additional populations are cultivated in the laboratory and taxonomic uncertainties are resolved. The present day disjunctions which are evident in the published geographical distribution of S. tenera may be more a function of post paleoclimates and currents, than present day temperatures (c.f. van den .
